ABSTRACT This work aimed at evaluating the effects of 4 digestible Met+Cys levels on the diet of commercial layers and their influence on the productive performance, quality, and amino acid profile of eggs and economic viability of the activity. A total of 576 white Lohmann LSL-Lite layers was distributed into 6 replicates of 24 birds for each diet. The experimental design was completely randomized, with 4 treatments defined by levels evaluated in the feed (0.465, 0.540, 0.581, and 0.647%). The productive performance was measured for 30 weeks. The quality (34 and 50 wk old) and the amino acid profile of eggs (43 wk old) also were evaluated. A linear positive response was observed at higher Met+Cys levels for feed intake, number of eggs per housed bird, and digestible Met+Cys intake. Egg production, egg weight, egg mass, feed efficiency, and weight gain had their optimal values determined by the quadratic regression model at 0.638, 0.654, 0.647, 0.644, and 0.613% digestible Met+Cys, respectively. In the 34th wk, eggshell thickness decreased linearly at higher Met+Cys levels. In the 50th week, the optimal levels detected for eggshell thickness and percentage were 0.571 and 0.570% digestible Met+Cys, respectively. The percentages of proteins, branched-chain amino acids (leucine, isoleucine, and valine), histidine, and proline in eggs (albumen+yolk) showed a linear negative response in function of higher Met+Cys levels. Higher digestible Met+Cys levels (>0.630%) led to a good performance of layers, while lower Met+Cys levels improved the eggshell quality of layers in peak production. Optimal Met+Cys levels may change according to the price of the synthetic amino acid.
INTRODUCTION
Methionine (Met) is the first limiting amino acid in poultry feed due to its restricted concentration in protein plants and its high requirement for birds. Met plays a key role in bird nutrition, being the main methyl group donor for cell metabolism and precursor of important metabolic intermediates, such as cystine (Cys) and carnitine, besides being involved in the synthesis of polyamine and working as a donor of sulfur (Bunchasak, 2009 ). The highest Met content of about 5% can be found in albumins, especially egg albumin, and this is one reason for the high Met demand of poultry (Willke, 2014) .
When an essential amino acid is deficient, other amino acids in excess will be degraded and excreted as nitrogen, thus resulting in metabolic waste and contributing to environmental pollution. Furthermore, Met C 2018 Poultry Science Association Inc. Received October 11, 2017. Accepted January 19, 2018. 1 Corresponding author: loloss4@hotmail.com supply results in lower crude protein (CP) levels in the diet of birds, thus reducing the dietary nitrogen intake and excretion.
Dietary Met levels directly affect egg production, weight, quality, and feed efficiency (Shafer et al., 1996 cited by Novack et al., 2006) . According to Safaa et al. (2008) , the reduction of the total Met level from 0.36 to 0.31% in the nutrition of Lohmann Brown chickens aged 60 to 67 wk resulted in a reduction in the percentage of eggs weighing more than 63 g. Akbari Moghaddam Kakhki et al. (2016) , using Hy-line layers (W-36) from 32 to 44 wk of age, observed an increase in henday egg production from 0.83 to 0.91 egg/hen/d and increase in egg weight from 58 to 62.6 g, as the levels of digestible Met+Cys of the diets were increased from 0.51 to 0.66%. The authors estimated that the requirement of Met+Cys at this stage was 710 and 641 mg/bird/d, for egg production and weight, respectively. Gomez and Angeles (2016) found a positive linear response in egg weight as they increased the levels of digestible Met+Cys from 0.40 to 0.52% in sorghum-and soybean-based diets for laying hens of 68 to 75 weeks. 1 Composition per kilogram of the product: Vit. A 5.000.000 UI, Vit. D3 1.100.000 UI, Vit E 4.000 UI, Vit. K3 1,000 mg, Vit. B1 520 mg, Vit. B2 1,500 mg, Vit. B6 500 mg, Vit. B12 3,000 mcg, Niacin 10 g, Folic acid 102 mg, pantothenic acid 4,600 mg, biotin 10 mg, choline 43 g, manganese 25 g, zinc 25 g, iron 25 g, copper 3,000 mg, iodine 500 mg, selenium 100 mg, cobalt 50 mg.
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2 Nitrogen-corrected apparent metabolizable energy. 3 The value of digestible Met+Cys was obtained according to the correction of analyzed total Met+Cys values by digestibility coefficients of ingredients obtained in Brazilian Tables for Poultry and Swine (Rostagno et al., 2011) .
The digestible Met+Cys requirements for egg production, egg mass, and feed efficiency were 0.50, 0.51 and 0.50% of total sulfur amino acid, respectively.
The recommendations of sulfur-containing amino acids for commercial layers in peak production present great variation among the National Research Council (NRC), published papers, and lineage manuals, which makes difficult the work of nutritionists. Thus, the present study aimed at establishing a Met+Cys recommendation leading to optimal production indices according to rearing conditions combined with the best egg production costs. Ahmad and Roland (2003) and Algawany and Mahrose (2014) observed the influence of Met+Cys levels on the diet of commercial laying hens in regard to the commercial viability of the activity. Therefore, it is consistent to assume that dietary sulfur-containing amino acid levels directly affect economic viability of the activity. Recently, significant worldwide fluctuations in Met market price have been observed, which generates insecurity and concern for egg producers.
Furthermore, based on the importance of eggs in human nutrition, changes in the nutritional profile of eggs due to diet should be better evaluated. However, little information has been reported on dietary influence and, more specifically, the influence of dietary Met+Cys levels on the nutritional value and the amino acid profile of eggs from commercial layers.
Thus, the present study aimed at evaluating the performance of layers, egg quality, amino acid profile, and economic effects of different sulfur-containing amino acid levels on the diet of commercial layers in peak production.
MATERIAL AND METHODS
All procedures and animal care followed the ethical principles of animal experimentation. This study was approved by the Ethics Committee in the Use of Animals of the Federal University of Minas Gerais (Protocol 1/2016).
Diets
Four experimental diets were formulated in order to contain 0.515, 0.574, 0.639, and 0.698% digestible Met+Cys, thus containing 0.050, 0.110, 0.176, and 0.232% supplied DL-Met, respectively (Table 1) . For feed formulation, the values for ingredients indicated in Brazilian Tables for Poultry and Swine were used (Rostagno et al., 2011). Digestible Met+Cys values were obtained through total Met+Cys analysis, with posterior multiplication by a digestibility factor, which was obtained in function of feed composition and digestibility values of ingredients indicated in Brazilian Tables for Poultry and Swine (Rostagno et al., 2011) .
All diets were analyzed for CP (968.06) and dry matter (930.15) according to the Association of Official Analytical Chemists (1995) . Dietary amino acids also were determined by the company Evonik Industries AG through the hydrolysis and extraction method (Evonik Industries AG, 2012).
Productive Performance
White Lohmann LSL-Lite layers at 20 wk old (N = 576) were maintained in a conventional laying house (not air conditioned), equipped with metallic cages containing 6 hens per cage (375 cm 2 /hen). The 4 treatments were randomly divided into 6 replicates of 24 birds, so that each replicate consisted of 4 cages in sequence, each one containing 6 birds. Water and feed were freely supplied, and a 14h light/10h dark photoperiod was set.
All hens were weighed at the beginning (19 wk old) and at the end (50 wk old) of the experiment, presenting 1.455 Kg ±0.016 and 1.645 ± 0.049 average weight, respectively. Egg production and mortality were recorded daily for each replicate, while feed intake was recorded weekly for each replicate. The eggs produced from each replicate were weighed together on the last d of each week. All eggs used for weight determination were selected after the first collection of the d (at 6:30 am), to ensure that the eggs used for weighing were those laid on the d of weighing. Egg production, egg weight, egg mass, feed efficiency, and mortality rate were calculated from these data by wk and in total. Digestible Met+Cys intake (mg/bird/d) was obtained by multiplying the global average daily feed intake by the Met+Cys contents of the experimental diets. Total egg number per housed bird was obtained by dividing the total number of eggs produced in the study period by the number of housed birds.
Egg Quality
Egg quality evaluations were performed at 34 and 50 wk old in 24 randomly sampled eggs of each treatment (4 eggs per replicate), so that each egg was considered one replicate, and only eggs laid on d of collection were sampled. Evaluated variables were yolk percentage, albumen percentage, eggshell percentage, eggshell thickness, Haugh unit (HU), and eggshell resistance. Percentages of egg components were calculated according to Wu et al. (2005) . Eggshell thickness was evaluated through an IP40 digital outside micrometer (Digimess, Mooca, Brazil), with 0.001 mm readability. Measurements were performed at 3 distinct eggshell regions (apical, equatorial, and basal). Results were obtained by the average of the 3 regions, expressed in mm.
HU was calculated through a HU-measuring device (model S-8400, Ames, Massachusetts) based on data of egg weight and albumen height, by the formula: HU = 100 log10 (H − 1.7 W 0.37 + 7.56), in which H = albumen height; and W = egg weight (Brant et al., 1951) . For eggshell resistance evaluation, another 24 eggs of each treatment were randomly sampled (4 eggs per replicate) and submitted to the compression eggshell fracture force test. A TA-XT2 texture analyzer (Stable Micro Systems, Surrey, England) was used. A stainless steel P4 DIA Cylinder probe was used, presenting 4 mm diameter; 3.0, 0.5, and 5.0 mm/s pre-, during, and post-testing speed, respectively; and 6 mm distance. Trigger strength was 3.0 g. The whole egg was longitudinally placed onto a ring-shaped metallic support (5 cm diameter) inside a porcelain crucible. Eggshell was pressed until fracture, and the resistance measurement was given in kg/cm 2 .
Amino acid Profile and Crude Protein of Eggs
For amino acid profile evaluation, a pool of albumen and yolk from 6 eggs per replicate was made when layers were 43 d old, which was frozen at -40
• C, freeze-dried for 96 h, and stored at -40
• C until analysis. CP (968.06) and dry matter (930.15) were analyzed according to the Association of Official Analytical Chemists (1995). Quantitative analyses of amino acids were performed by the company Evonik Industries AG through the hydrolysis and extraction method, with posterior readings in HPLC. Before separation and quantification in a specific analyzer (Biochrom 30 plus, Biochrom Ltd, Cambridge, UK), amino acids were hydrolyzed with heated semi-concentrated hydrochloric acid solution and then oxidized with performic acid at 0
• C. Ninhydrin was used in the post-column derivatization, followed by detection at 570 nm (Evonik Industries AG, 2012).
Economic Evaluation
The economic efficiency of each treatment was evaluated through the estimate of average costs with feed per kilo and per produced egg box (360 eggs), and by the average cost index per kilo (ACI/Kg) and per egg box (B) (ACI/B), according to Barbosa et al. (1992) . The prices of inputs were obtained in the region of Divinópolis Municipality, Minas Gerais State, Brazil, and through the market positioning of Jox Assssoria Agropecuária on November 14, 2016. Prices were expressed in dollars (R$ 3.55), quotation used on November 14, 2016: maize grain 0.192 US$/Kg; soybean bran (45% CP) 0.327 US$/Kg; limestone 0.023 US$/Kg; wheat bran 0.239 US$/Kg, meat meal (42% CP) 0.321 US$/Kg; common salt 0.141 US$/Kg; vitamin and mineral supplement 1.659 US$/Kg; and L-Lysine HCl 1.831 US$/Kg. For economic evaluation, 2 fixed costs of DL-Met were used to create 2 different conditions: a situation simulating increase in DL-Met prices (7.00 US$/Kg / 24.85 R$/Kg) and another with regularized DL-Met price (3.00 US$/Kg / 10.65 R$/Kg). The average cost index (ACI) is represented by:
Where: ACi = Total average cost of the treatment i LACe = Lowest total average feed cost observed among treatments
Experimental Design and Statistical Analysis
The experimental design was completely randomized, with 4 treatments defined by digestible Met+Cys levels analyzed in the feed (0.465, 0.540, 0.581, and 0.647%). Data were submitted to the analysis of variance in order to check significant effects among single factors. The ideal digestible Met+Cys level was obtained by regression of response variables in relation to levels used in their linear and quadratic components for choosing the regression model with the best adjustment. Data were analyzed through the software SAS (2001).
RESULTS

Productive Performance
A linear positive response was observed for feed intake/bird/d, number of eggs/housed bird, and digestible Met+Cys intake/bird/d in function of an increase in Met+Cys levels from 0.465 to 0.647% (P ≤ 0.01) ( Table 2) . For egg production, weight, and mass, feed efficiency, and weight gain, a quadratic regression was the model showing the best adjustment, and optimal values were 0.638, 0.654, 0.647, 0.644, and 0.613, respectively (P ≤ 0.05) ( Table 2) . Treatments did not influence bird mortality between the 20th and 50th wk (P > 0.05). The average mortality value was 1.6% throughout the experimental period.
Egg Quality
Thirty-four-week-old eggs had no influence of dietary sulfur-containing amino acid levels on the percentages of yolk, albumen, eggshell, or eggshell resistance (P > 0.05). However, eggshell thickness reduced linearly as dietary Met+Cys levels were increased, while HU showed a quadratic response, with 0.546% (P ≤ 0.05) optimal digestible Met+Cys level (Table 3) .
Fifty-week-old eggs had no influence of sulfurcontaining amino acid levels (P > 0.05) on yolk or albumen percentages, HU, or eggshell resistance. Such an influence was observed only on eggshell thickness and percentage (P ≤ 0.05), with a quadratic model showing the best adjustment (Table 3) . Optimal levels detected for eggshell thickness and percentage were 0.571 and 0.570% digestible Met+Cys, respectively.
Amino acid Profile and Crude Protein of Eggs
The values of amino acid profile and CP were expressed in dry matter percentage and represent the composition of albumen+yolk. CP levels reduced linearly due to an increase in digestible Met+Cys levels from 0.465 to 0.647% (P ≤ 0.05) ( Table 4 ). The levels of branched-chain amino acids (leucine, isoleucine, and valine), histidine, and proline also had a linear negative response as dietary Met+Cys levels were increased (P ≤ 0.05) ( Table 4) .
Economic Evaluation
When considering DL-Met price equal to US$ 3.00/kg, 0.581% Met+Cys had the lowest cost for feed per egg box and the lowest ACI/B. Furthermore, the cost for feed per kilo of eggs and ACI/Kg reduced linearly at higher Met+Cys levels (Table 5) . At US$7.00/kg DL-Met price, the cost for feed per egg box and ACI/B increased linearly at higher Met+Cys levels. The level of 0.540% Met+Cys had the lowest cost for feed per kilo of eggs and lower ACI/Kg (Table 5) .
DISCUSSION
Productive Performance
Feed intake/bird/d increased linearly as the levels of dietary Met+Cys rose (Table 2) . Harper et al. (1970) and Austic (1986) reported that the appetite of Brumano et al. (2010) , who observed a linear increase in feed intake by hens during egg production as higher dietary Met+Cys levels rose. Novack et al. (2006) and Safaa et al. (2008) did not observe differences in feed intake by layers in function of dietary sulfur-containing amino acid levels. However, Shafer et al. (1996) and Shafer et al. (1998) detected a reduction in feed intake by hens at higher dietary Met levels (0.53 and 0.40% total Met, respectively). A linear increase in Met+Cys intake/bird/d might be explained by a linear positive response observed in feed intake as Met+Cys levels rise. Brumano et al. (2010) evaluated Hy-Line W-36 hens between 24 and 40 wk old submitted to 5 dietary digestible Met+Cys levels (0.65 to 0.90%) and also observed a linear increase in Met+Cys intake/bird/d (565.6 to 811.0 mg, respectively).
The number of eggs/housed bird increased linearly (Table 2) as dietary Met+Cys levels rose. Hiramoto et al. (1990) evaluated the effect of 59% Met levelsvalue recommended by NRC (1977)-on the diet of commercial layers and observed a decrease in protein synthesis in the oviduct, the liver, and in the whole body. According to Narváez-Solarte et al. (2005) , a low egg production in diets with reduced sulfur-containing amino acid levels might be due to amino acid imbalance, thus resulting in a decrease in protein synthesis, which increases catabolism and inhibits the uptake of essential amino acids. The optimal level obtained for egg production (0.638% digestible Met+Cys) was close to the values detected by Sá et al. (2007) , who determined 0.655 and 0.669% dietary digestible Met+Cys in white and red Lohmann hens, respectively, thus assuring a maximum egg production between 34 and 50 weeks. On the other hand, Geraldo et al. (2010) evaluated Hy Line W-36 layers from the 25th to the 41st wk of age and detected a maximum egg production at 0.735% dietary digestible Met+Cys or 729 mg Met+Cys intake/bird/day. Novack et al. (2006) and Perez et al. (2012) did not observe differences in the percentage of egg production/bird/d at higher dietary Met+Cys levels in commercial layers near peak production.
The optimal value of digestible Met+Cys (0.654%) for egg weight was around that found by Sá et al. (2007) , who detected 0.693% digestible Met+Cys for white Lohmann layers between 30 and 50 wk old. Sohail et al. (2002) reported a linear increase in egg weight in function of TSCAA levels in Hy-Line W-36 layers from the 21st to the 33rd wk by increasing dietary TSCAA levels from 0.65 to 0.81%. A similar response was found by Ahmad and Roland (2003) Layers present an increase in egg weight and production soon after one wk of dietary Met supplementation. Likewise, negative effects of decreasing dietary TSCAA levels on productive performance also may be observed after one wk of discontinuation of dietary Met supplementation (Sohail et al., 2002) .
The optimal value detected for egg mass (0.647% digestible Met+Cys) was almost the same as observed by Sá et al. (2007) , who detected 0.686% digestible Met+Cys for white Lohmann layers between 34 and 50 wk old. Geraldo et al. (2010) Safaa et al. (2008) , and Pérez et al. (2012) did not observe effects of sulfur-containing amino acid levels on egg mass in commercial layers.
A quadratic response was observed for feed efficiency, with an optimal level of 0.644% digestible Met+Cys. Conversely, Novack et al. (2004) reported a positive linear response for feed efficiency in layers between 20 and 43 wk old as total Met+Cys levels rose (0.65 to 0.92%). However, Algawany e Mahrose (2014) did not observe an effect of TSCAA levels on feed efficiency in layers between 34 and 50 wk old.
Weight gain also showed a quadratic response, with an optimal value of 0.613% dietary digestible Met+Cys. Novack et al. (2004) and Narváez-Solarte et al. (2005) reported that maximum values for weight gain of layers in peak production were 0.690 and 0.683% total Met+Cys, respectively, values of which were very similar to those detected in the present study considering the correction by the digestibility of sulfur-containing amino acid contained in ingredients. On the other hand, Sohail et al. (2002) A reduction in eggshell thickness was detected in eggs of layers with 34 wk old as higher digestible levels of Met+Cys were used, while an optimal level of 0.570% digestible Met+Cys was observed for eggshell thickness at 50 wk old, a value very similar to the optimal level detected for eggshell percentage in the same evaluation period. No effect was observed on eggshell resistance, despite a reduction in eggshell thickness at Met+Cys levels above 0.570%. The results of the present study indicate that high sulfur-containing amino acid levels led to a decrease in eggshell thickness even with no effect on eggshell resistance, which can impair eggshell quality of commercial layers in peak production. Novack et al. (2006) 
Amino Acid Profile and Crude Protein of Eggs
CP concentration in eggs (albumen+yolk) decreased linearly as dietary Met+Cys levels increased. According to Novack et al. (2004) , while yolk proteins are continuously produced in the liver and transported to the ovary, albumen proteins are produced when the ovule is in the magnum (for a period of 3 h). Thus, due to such differences between yolk and albumen protein synthesis, changes in plasmatic amino acid concentration in function of dietary intake might have a lower effect on protein synthesis in the liver than in the oviduct (magnum). Furthermore, the liver has great importance for body protein synthesis, but yolk protein synthesis does not require its high activity. Novack et al. (2004) evaluated the percentage of albumen and yolk CP separately and observed a decrease in that of albumen at higher total Met+Cys levels (699 and 779 mg total Met+Cys/bird or 0.84 and 0.92% dietary total Met+Cys) in layers between 44 and 63 wk old. The authors also observed a linear decrease in yolk CP as dietary total Met+Cys levels were raised from 0.66 to 0.92%. Algawany and Abou-Kassem (2014) also detected a reduction in albumen CP levels when dietary total Met levels were raised from 0.35 to 0.45% in red Lohmann layers between 34 and 50 wk old, but the percentages of yolk and egg (albumen+yolk) CP were not influenced by treatments. However, Shafer et al. (1998) reported an increase in albumen and yolk CP content in eggs of layers between 29 and 63 wk old, when the dietary total Met level was raised from 0.38 to 0.46%, which represented an average intake of 718 and 815 mg total Met+Cys/bird/d, respectively.
In the present study, dietary Met+Cys levels did not have effect on sulfur-containing amino acid levels in eggs. Csonka et al. (1947) studied Met and Cys contents in hen eggs by evaluating the effect of a diet with a low protein level (0.44% total Met+Cys), with no protein supplementation, and diets with high protein levels obtained through the supplementation of the former with casein, soybean, and gelatine, thus resulting in 0.97, 0.80, and 0.52 total Met+Cys levels, respectively. The authors did not observe any relationship between egg weight and Met and Cys contents. They also reported fluctuations of Met and Cys contents in eggs regardless of the diet, which was due to normal physiological changes probably in function of deficiency or limitation of nutrients needed for albumen and yolk protein formation. Such a limitation would be related to feed intake. The same authors observed higher Met and Cys contents in eggs when dietary Met+Cys levels raised from 0.44 to 0.97%. However, such changes in Met and Cys contents in eggs would be related to the source of Met used in the diet. According to the same authors, the use of synthetic Met (DL-Met) did not affect Met or Cys contents in eggs, since it provides large amounts of monomers, so that sufficient amounts of Met as dietary peptides are needed for changing Met and Cys contents in eggs of layers. Martín-Venegas et al. (2011) reported that Lleucine is the preferred amino group donor in the transamination of the intermediate compound (4-[p-[bis [2-chloroethyl] amino] phenyl]-butanoic acid, CMB) during the transformation of D-Met in L-Met. Thus, a reduction in leucine concentration in eggs at higher dietary sulfur-containing amino acid levels might be due to a higher use of plasmatic leucine to convert D-Met into L-Met.
A linear negative effect at higher dietary Met+Cys levels on the percentage of branched-chain amino acids (isoleucine and valine), histidine, and proline in eggs (albumen+yolk) were not compared with other papers, since no study was detected regarding the effect of dietary sulfur-containing amino acid levels on the complete amino acid profile in eggs of layers.
Economic Evaluation
Considering Met price at 3.00 US$/Kg, 0.581% digestible Met+Cys resulted in lower ACI/B, while the highest levels had higher average cost, i.e., 1.04% superior to that of 0.581% Met+Cys. As to ACI/Kg, the highest Met+Cys levels had the lowest average cost, while the lowest Met+Cys levels had the highest average cost, i.e., 5% superior to the treatment with the highest Met+Cys levels.
Regarding average costs at higher Met prices (7.00 US$/Kg), the lowest Met+Cys levels had the lowest average cost, while the highest Met+Cys levels had the highest ACI/B, i.e., 4.17% superior to the lowest detected cost. However, in the evaluation of costs per kilo of eggs, 0.465% Met+Cys had the highest average cost, while 0.540% Met+Cys had the lowest one.
The fluctuation in the price of Met from 3 to 7 US$/Kg was capable of changing economic viability of the activity in function of Met+Cys levels. However, ACI/B and ACI/Kg had different performances in function of higher Met price and fluctuations in sulfurcontaining amino acid levels. ACI/B increased linearly at higher dietary Met+Cys levels at 7 US$/Kg Met, thus indicating a worsening economic viability of the activity in function of higher dietary sulfur-containing amino acid levels, whether eggs are marketed per unit instead of their processing. However, when Met price was 3.00 US$/Kg, the second highest Met+Cys levels (0.581%) resulted in the lowest ACI/B.
At 3.0 US$/Kg Met, an increase in digestible Met+Cys levels reduced linearly ACI/Kg, thus improving economic viability of the activity. However, with increased Met price, although the lowest Met+Cys levels have the highest ACI/Kg, the highest level was no longer the most economically viable, thus becoming the second treatment with higher ACI/Kg. Algawany and Mahrose (2014) compared feed expenses per kilo of eggs produced by red Lohmann hens between 18 and 34 wk old and observed a higher economic efficiency based on the sale price of eggs per kilo when layers were treated with 0.72% total Met+Cys in comparison with 0.67 and 0.77% total Met+Cys. Although the world market mainly commercializes whole eggs with no processing, an increasing market in relation to trade in pasteurized and processed eggs has been observed. Therefore, feed costs per kilo of produced eggs are expected to be increasingly used to evaluate economic efficiency of the activity.
The results indicate that due to the fluctuation in Met market prices, poultry farmers commercializing whole or processed eggs may use different dietary digestible Met+Cys levels in layers to assure the lowest feed costs and a higher economic viability of the activity.
CONCLUSIONS
Birds presented a linear increase in feed intake/ Met+Cys intake/bird/d, and number of eggs/housed bird as a result of an increase in dietary digestible Met+Cys from 0.465 to 0.647%. To assure optimal results of egg production, weight, and mass, feed efficiency, and weight gain, dietary digestible Met+Cys levels must be 0.638, 0.654, 0.647, 0.644, and 0.613%, respectively. High dietary Met+Cys levels seem to influence negatively eggshell quality of layers in peak production. Therefore, if the egg producer aims to have higher egg yield with high feed efficiency, digestible Met+Cys levels used in diets should be around 0.645%. However, where eggshell quality is the greatest concern, lower Met+Cys levels should be used, at around 0.570%. An increase in Met+Cys levels reduced linearly the percentages of CP, branched-chain amino acids, histidine, and proline in eggs. Different dietary Met+Cys levels may be used to assure economic viability of the activity in function of fluctuations in Met market price. When Met prices are stable, high levels of Met+Cys (0.647%) lead to better economic viability for establishments that process eggs. Nevertheless, if there is a spike in Met market prices, low levels of Met+Cys in layer diets (0.540%) are more economically viable, especially for companies dealing in unprocessed eggs.
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